Current guidelines consider thrombosis as a potential (and reversible) cause of cardiorespiratory arrest (CA). However, cardiac thrombus formation (TF) is likely to be the consequence of the forward blood flow ceasing during cardiac standstill. We present the case of a young man who was hospitalized for infective endocarditis, complicated by multiorgan disease and sudden CA on the 5 th day. Prompt cardiopulmonary resuscitation (CPR) warranted a return of spontaneous circulation in 16 min but, unexpectedly, a TF was recognized in the right atrium at echocardiography. The blood clot resolved with rapid administration of endovenous heparin and continued chest compressions. Even though cardiac ultrasound is not ready for a routine use during CPR, the present study confirms a key role in the management of CA patients.
IntroductIon
High-quality chest compression with minimal interruptions, defibrillation as soon as possible, ventilation support, and intensive postarrest care assistance are strong items to increase the chance of surviving sudden cardiorespiratory arrest (CA). Life-saving procedures by experts' committees focus on both outside and inside the hospital management, remarking the need for high-quality chest compressions, especially during the early steps of cardiopulmonary resuscitation (CPR) in all victims of CA, but some questions about current algorithms are open yet. Return of spontaneous circulation (ROSC) is established as the carotid pulse and/or the electrocardiography (ECG) signal reappears upon CPR. However, the need for an effective feedback on what is going on into the heart between CA and ROSC is a challenging issue for rescuers, albeit chest compressions are proficient. [1] [2] [3] Early diagnosis of any reversible cause of CA is also emphasized by guidelines in order to establish suitable solutions for the victims. In this regard, point-of-care ultrasound (POCUS) has been proposed as a powerful tool for recognizing such mechanism (s), as well as distinguishing a true from a false asystole, but a stable role in the CPR procedures is still debating. [1, [4] [5] [6] [7] Among the right heart diseases, deep venous thrombosis and intracardiac thrombosis are the most common sources of pulmonary embolism, at times leading to CA as pulmonary arteries are massively thrombosed. [1, 2, 8] However, cardiac thrombus formation (TF) can also be the consequence of forward blood flow ceasing in patients with CA, and unawareness of this complication can undermine the efforts to ROSC. [9] [10] [11] We present the case of a patient with endocarditis complicated by inhospital CA who developed right atrial TF during guideline-driven CPR. The role for POCUS-enhanced algorithms and therapeutic options for contrasting blood clots in cardiac standstill settings are discussed.
caSe report
A 35-year-old male was admitted to our cardiology unit with a 15-day history of unremitting fever, chest and abdominal pain, and palpitation. Although the patient's vitals were stable, general conditions appeared critical. Unspecific ECG abnormalities were present at entry. Signs of endocarditis were disclosed at transthoracic echocardiography to involve both the aortic and mitral valve leaflets [ Figure 1a ].
Optimal medical therapy was initiated in the cardiac care unit, with challenging clinical efficacy. He was established to be at a high risk for cardiac surgery due to multiorgan (pulmonic, kidney, and metabolic) failure from a septic condition. A daily echocardiographic examination was then scheduled.
However, on the 5 th day, his clinical course complicated with CA. High-quality chest compressions and advanced cardiac life support procedures warranted a ROSC in 16 min. This allowed the rescuer performing further echocardiographic check for cardiac function. Unexpectedly, a large TF was seen in the right atrium [ Figure 1b , movie]. The decision was made to administer rapid endovenous heparin (5000 + 5000 IU) and continued chest compressions until the thrombus disappeared [ Figure 1c and d]. The patient was then moved to the intensive care department, but his prognosis remained poor.
dIScuSSIon
This study demonstrates cardiac TF as a potential complication of CA in spite of standard CPR protocols. Although it occurred in such a difficult clinical setting, the case presented deserves some considerations.
Blood clots have been previously reported as a result of CA. In 2014, left ventricular TFs were described by Budhram et al. [10] soon after the induction of ventricular fibrillation in test patients. Approximately 90% of TFs formed in <6 min, in accordance with their in vivo clotting times (6-10 min). Blood clots dissolved soon after mechanical circulatory support, but the authors were unable to establish whether these really dissolved or (more likely, in their opinion) were disseminated into systemic circulation. Of interest, echocardiography was demonstrated to be a valuable diagnostic and prognostic tool.
It is undeniable that optimized chest compressions and prompt defibrillation for shockable rhythms are the pillars of CPR procedures in CA patients. However, the effective feedback of chest compressions' efficacy remains challenging in most cases, being also dependent on several variables, first of all, chest conformation, underlining cardiac disease, and constancy of the rescuer(s) approach. [1] [2] [3] 6] In fact, it is hard to establish whether chest compressions are powered enough to warrant a minimal bloodstream to the brain and the heart, especially in difficult clinical settings like in our patient.
Thinking of the Virchow's triad, the forward blood flow ceasing is the strongest mechanism of TF. Even if thrombolytic agents and heparin have been reported as the first-line therapy in event of massive pulmonary embolism, there are no indications about anticoagulant drug use in the course of routine CPR. [1, 2, 4, 8] Unfortunately, we could not identify the main cause of CA in our patient, but serial echocardiographic examinations performed everyday likely excluded a primary right heart thrombus. More likely, this was due to a blood sludge, which was seen as a strong echo contrast on ultrasound, quickly disappearing after endovenous heparin administration and continued chest compression. The septic syndrome surely played a key role for hypercoagulability in this patient, because infectious agents and their products can directly activate the coagulation cascade enzymatically and trigger platelet aggregation and pro-thrombotic responses, especially in the event of acidosis and tissue hypoperfusion. [9, 12] A similar case was demonstrated as a consequence of CA in a patient undergoing liver transplantation, successfully treated with heparin. [13] As hypothesized in Figure 2 , patients experiencing inhospital CA may take advantage from intravenous heparin during prolonged CPR, at least in presence of prothrombotic conditions and marked spontaneous echo contrast forming within the right (or left) cardiac chambers, except for hemorrhagic-shocked individuals. As from recent literature, cardiac POCUS is the only technique to get effective feedback about a potential thrombogenic condition. [6, 7, [10] [11] [12] [13] [14] Conversely, time loss is the most important limitation to a wider ultrasound use during CPR. [1] [2] [3] On the other hand, a good correlation between ROSC and serial echocardiographic examinations has been proven in CA patients admitted to emergency department. Fast-track examinations every 2 min upon the CPR timeline was found to predict ROSC in unshockable rhythm patients, with no significant time loss. [5, 11] Based on the current knowledge and present findings, we have hypothesized a fast cardiac ultrasound protocol by skilled operators, to be performed at least after 3-4 cycles (6-8 min) of chest compressions, using the pause for rhythm check (5-15 s) to quickly attain a four-chamber apical or subcostal view and assess both ventricular function and potential complications, like TF [ Figure 2 ].
In conclusion, even though cardiac ultrasound has not been approved for a routine use during CPR for CA, recent studies and our experience suggest a key role in the management of such victims. Other than an early causative screening, cardiac POCUS is likely to provide important information about cardiac function and potential complications of prolonged forward blood flow ceasing.
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There are no conflicts of interest. referenceS Figure 2 : Proposal of ultrasound-implemented cardiopulmonary resuscitation algorithm in order to check for cardiac function and/or complications during forward blood flow ceasing in cardiorespiratory arrest (description in text). SEC+++ = marked spontaneous echo-contrast, TF = thrombus formation
